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Description 

Field of the Invention 

This invention relates to fluorinated thermoplastic elastomer compositions which contain two phases, 
5 namely a continuous fluorinated crystalline thermoplastic phase and a dispersed fluorinated amorphous 
elastomeric phase. The compositions may be produced by melt blending the fluorinated thermoplastic and 
an uncured fluorinated amorphous elastomeric polymer, and then dynamically curing the uncured 
fluorinated polymer to form elastomeric particles which are dispersed in the fluorinated thermoplastic. The 
compositions may also be produced by latex blending. The compositions of this invention have the highly 
io desirable property of low compression set, that is when articles made of the composition are compressed 
for long periods of time even at high temperatures they have a strong tendency to return to their original 
size and shape. Another advantage of the compositions of the invention is that flash, or defective parts can 
be reprocessed without difficulty. 

* * 

15 Background of the Invention 

Two-phase compositions of a continuous phase thermoplastic polymer and dispersed phase 
elastomer produced by dynamically curing the elastomer while it is dispersed in the thermoplastic are 
known. See/for example, Coran et al. U.S. Patents 4,348,502, 4,130,535, 4,173,556, 4,207,404 and 4,409,365. 
Fluorinated and partially fluorinated crystalline thermoplastics are high volume commercial products. 

20 Such plastics often contain large amounts of the polymerized monomer, tetrafluoroethylene. Likewise, 
fluorinated and partially fluorinated amorphous elastomers are known high volume commercial products. 
Such elastomers include the cured (vulcanized or crosslinked) copolymers of vinylidene fluoride with 
hexafluoropropylene and the like. Toughened blends of small quantities of a fluoroelastomer and a 
resinous fluorine-containing polymer such as chlorotrifluoroethylene and its resinous copolymers are 

25 described in U.S. Patent 3,105,827, but they are not crosslinked or elastomeric. Thermoplastic 
fluoroelastomers that contain two or more sequences of fluorinated or partially fluorinated crystalline 
blocks and fluoroelastomer blocks are known from U.S. Patent 4,158,678. Blends of these thermoplastic 
elastomers with liquid fluoroelastomers are known from later published (Art. 54(3)EPC) EP— A— 132 834 
but are not subjected to dynamic cure. 

30 

Summary of the Invention 

The present invention in a two-phase composition having a continuous phase consisting of a 
crystalline thermoplastic fluorocarbon resin, and a dispersed phase which consists of an amorphous cured 
(crosslinked or vulcanized) fluoroelastomer. The dispersed phase constitutes 50 to 90 percent by weight of 

35 the two phase composition. 

The two-phase composition of the invention may be prepared by the process of the invention. The 
process of the invention comprises melt blending the thermoplastic crystalline fluorocarbon resin, and the 
uncured amorphous fluoroelastomer, at a temperature above the crystalline melting point of the resin, and 
then dynamically curing the elastomer. "Dynamically curing" means curing while the blend is undergoing 

40 mixing, stirring and shear. The curing is carried out by introducing one or more curing agents or free 
radical sources to the melt blend, and maintaining the temperature at a high enough level that the 
elastomer crosslinks. 

The compositions of this invention may be chopped into injection molding granules, and injection 
molded in a conventional injection molding machine. The compositions can also be compression molded, 
45 or extrusion molded. 

Detailed Description J- 

The thermoplastic crystalline fluorocarbon resins useful in compositions of the present invention must 
be "melt-processable". By "melt-processable" we mean a polymer whose melt flow can be measured in an 

so extrusion plastometer [ASTM D— 1238, D— 21 16] at a temperature above the crystalline melting point of the 
polymer. Polytetrafluoroethylene cannot be processed by the usual methods of thermoplastic fabrication 
because of its viscoelastic properties, as described in ASTM D— 1457. Polytetrafluoroethylene is not melt- 
processable. The thermoplastic crystalline fluorocarbon resin will contain a minimum of 38 percent by 
weight fluorine. Further the thermoplastic crystalline fluorocarbon resin should be melt-processable at a 

55 temperature below that at which degradation of the amorphous fluorocarbon elastomer occurs to any 
significant degree. The thermoplastic crystalline fluorocarbon resins useful in the compositions of this 
invention include (a) copolymers of tetrafluoroethylene and ethylene, copolymers of tetrafluoroethylene 
and hexafluoropropylene, copolymers of tetrafluoroethylene and perfluoro(propyl vinyl ether) and 
copolymers of tetrafluoroethylene and perfluorobutyl ethylene, (b) homopolymers of vinylidene fluoride as 

60 well as copolymers of vinylidene fluoride in which the vinylidene fluoride is the greatly predominant 
polymerized monomer, (c) copolymers of chlorotrifluoroethylene with ethylene or halogenated monomers. 
Such polymers are well known in the art and many are commercially available. 

The elastomeric components of the compositions of this invention are also well known in the art and 
most are commercially available. Suitable elastomeric components include, copolymers of vinylidene 

65 fluoride and hexafluoropropylene, terpolymers of tetrafluoropropylene, vinylidene fluoride and 
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fluorobutene-1, polymers of ^""XSSnurato also known as lAS-tifmethalM-IAS-triailne. 
bromotetr.fluorobut.ne.l and ™^hS££^!^^iU fluoride end iodotetrafUjo,o. 
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contain a minimum of 58 percent by weight fluonne. d jth conven tional curing 

The elastomer phase of the composition of the J^ion ™* ?J maqnesium oxide/ Bisphenol AF 
systems known for curing «™**»™^^ of Bisphenol AF and 

dbpsoe^ known as trial,v ' 

isocyanurate. qo oercent bv weight of the cured elastomeric 

thermoplastics of the art. „„ mn nc;tinn<! of the invention covers a wide range, and 

The particle size of dispersed phase of the ^^^^ were prepared, 

30 depends among other things on ^^^^X^^ component in the composition. In 
the amount of each component ^^^Jj^JJ^^e oompo.htoM of the invention having 
general more desirable physical properties are Md wren™ 8 J about 3 micrometers, 
greater than 50 percent of the weight of the elastomer! smai ler ™™ components in a 

A preferred method of preparing 1 ^^S^^SlS^Si fhe^Slne component, and 
35 extruder or mixer at a temperature .above the .^f'" e X T L temperature of the mixture after the 

sasrsi^tria^ «-» » J- **• »— if 

« ^.following exempleswoicn illustrate the Invention, ell partsand percentages a,, byweightunies, 
otherwise specified. 

Examples 1—9 

Details of formulations and properties are provided in Table 1. 

Procedure for Examples 1 to 7 , w , 

The amorphous elastomer (designated 1 in Table 1) 7?°^ ^^^^^ 
copolymer of vinylidene fluoride > 60%. and »««^»^^^^^Z5ffic resin 
Brabender Plastograph at about 200»C, 40 rpm rotor J^^^fCmSi nitrogen, and mastication 
was added at 200-250°C. The temperature was then "J^^^JSL dropped to 290°C. while 

continued at 90 rpm until an uniform melt was ^^ vSS^^fSS^^ continued at 
fillers (if any) and curing agents were added in the orde .'"^ n T ™J» 2 3 5 and 7 the products became 
290°-300°C for 1 5 mins. after the last mgredlerrt Un ta^jM ■ ana P^ ^ 

powder on the addition of magnesium .oxide. ^^^T^S^cZvlhZn. The product could then 
eo atrayforttansfertoanairovenwher^ dj ^ for tensi|e and 

be compression molded at 325°C jnto sla ibs ' *«" J»J* ^"Tmi^Se! 20X (ASTM D638-77). 
compression set teste Tensile testt ; were .run at J^ r «^ e ™^ ^ ro „ rt 10 « tASTM 

« Flow raS were reported in grams/10 mins using a 10 Kg weight (ASTM 1238-73). 



so 
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Procedure for Examples 8 and 9 
The procedure for Examples 8 and 9 was similar to Examples 1 to 7 except that the curing was at 220 C, 
and the products were not heated during preparation above 250°C. 

TABLE I 

COMPOSITIONS CURED BY MgO-CURATIVES SYSTEM 
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♦Thermoplastic 
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20 
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**Filler 
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***Curing Agent 
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2 


2 
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2 
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MgO 
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35 


Shore A 




83 


75 


78 


82 


76 


77 


85 


90 


88 




T B (MPa) 




12.55 


3.65 


9.03 


7.31 


3.58 


7.45 


3.86 


14.07 


3.1 


40 


(psi) 




(1820) 


(530) 


(1310) 


(1060) 


(520) 


(1080) 


(560) 


(2040) 


(450) 


Elongation % 




250 


170 


300 


170 


160 


230 


100 


160 


170 




Comp. Setat150°C 




0 


32 


4 


2 


10 


0 


49 


11 


0 



45 Melt Flow at 365°C 
(g/10 min) 



0.88 30 



0.7 



0.5 



0.3 



0.22 



1.8 No flow at 
260° 



•Thermoplastic 1 

so 2 

tr 

3 
4 
5 

6 

55 **Filler 1 
2 

***Curing Agent 1 
2 



60 



II II 



77.6% tetrafluoroethylene, 3.4% perfluorobutyl ethylene, 19% ethylene 

84% tetrafluoroethylene, 13% hexafluoropropylene 

97% tetrafluoroethylene, 3% perfluoropropylvinylether 

95% tetrafluoroethylene, 5% perfluorobutyl ethylene 

Polyvinylidene fluoride 

80% chlorotrifluoroethylene, 20% ethylene 

medium thermal carbon black 

Polytetrafluoroethylene Powder 

33% benzyl triphenyl phosphonium chloride + 64% copolymer of 60% 
vinylidene fluoride and 40% hexafluoropropylene 
50% Bisphenol AF 4- 50% copolymer of 60% vinylidene fluonde and 
40% hexafluoropropylene 
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Examples 10—17 



Elastomer and the resin were 

90 rpm. The blend was cooled to 2^-25 ^J^^K^SSfe for 16 hours to complete curing 
300X during the 15 minutes cure period. All samples were n d irable combination of melt flow. 

Examples 10-17 in Table II illustrate embodiments where. » a aes 100 o Cwas achieved. In the 
tensKength and some as thermoplastic 8 (Table U) 

peroxide crosslinked systems, a substantial content or a ge p y were QUt ^ 

"SSS. ,7 wse run h*ce and the produc* «g«»^£X£ZZ™™£ 
mo S imp thick state and hand cuffln* TPe ^Xures at 350-C. Various obiec* 
(11 plunger type molding machine "*«™JI^ n J, Meeting the melt into unhealed V-block molds. 

T^Z^l'^^^"^ bv CURin9 spp,op " a,e 
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TABLE II 

COMPOSITIONS CURED BY PEROXIDE 



Example 



•Amorphous elastomer 2 



f# 


3 


II 


4 


♦♦Thermoplastic 


7 




8 


n 
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♦♦♦Filler 


1 




2 


«***Curing Agent 


3 




4 




5 




6 


Shore A 




T B (MPa) 




(psi) 




Comp. Setat100°C 




Melt Flow at 380°C 




2160 g (g/10min) 
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11 


12 


13 


14 


15 


16 


17 


35 


40 


50 


40 


35 




35 


35 


35 


40 


30 


40 


35 


70 




35 


30 


20 


30 


10 
20 


30 


30 


30 


oU 


1.4 


1.6 




1.6 


1.0 




1.4 


0.5 
0.5 


2 


2 


2 


Z 
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2 


2 
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3 
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3 


3 
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O 
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3 


4 


3 


79 


73 


77 


77 


78 


78 


oU 




7.5 


5.1 


6.9 


8.69 


6.9 


6.9 


8.41 




(1090) 


(740) 


(1000) 


(1260) 


(1000) 


(1000) 


(1220) 




45 


54 


60 


74 


72 


57 


50 




1.2 


2.3 


0.5 


2.5 


0.12 


0.6 


2.8 





"Some" 5 2 is 35% vinylidene fluoride. 34.2% hexaf luoropropylene, 29% tetrafluoroethylene. 
1.8% bromotetrafluorobutene 

3 is 44% vinylidine fluoride, 28.8% HFP, 26% tetrafluoroethylene, 
0.8% bromotetrafluorobutene, 0.4% fluorinated triallyl cyanurate 

4 is 35% vinylidene fluoride, 36% hexafluoropropylene, 29% tetrafluoroethylene. 
0.9% iodotetrafluorobutene 

9 is 97% tetrafluoroethylene, 3% perfluoropropyl vinyl ether 
♦♦♦Filler'' 1 is medium thermal carbon black 

2 is polytetrafluoroethylene powder 
♦♦♦♦Curing Agent 3 is meta phenylene bis maleimide 

4 is triallyl isocyanurate 

5 is 2,5 dimethyl-2 f 5 ditertbutyl peroxybenzene-3, 
45% active ingredient on solid support 

6 is cumene hydroperoxide 
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Example 18 



100gof19%soHds.atexofacopo.yn^ 
hexafluoropropylene was stirred while addm ,g ,3.5 9 o a ^ A ^%ff™™» transferred t0 a Waring 
1.5 g of hexamethylene diamine carbamate. Afte ^nng foM n ™ CC l 2 F-CCIF 2 was added. The 
Blender and 40 g of a 19% solids suspension* o \^^^mSS£ This was filtered, and the clear 



Shore A Hardness 88 
Ult. Tensile 8.61 MPa (1250 psi) 

Ult Elongation 290 ° /o 

Melt Flow 7g/10minsat365°C 

Example 19 
Blending in Extruder 
The following rubber stock was prepared in a rubber mill at room temperature: 



20 



Parts 



25 



30 



Copolymer of 25% Tetrafluoroethylene, 45% 
vinylidene fluoride, 30% hexafluoropropylene 



MT Black 



70 
5 



33% benzyl triphenyl phosphonium chloride plus 67% copolymer 
of 60% vinylidene fluoride and 40% hexafluoropropylene 

50% Bisphenol AF and 50% copolymer of 60% vinylidine 
fluoride at 40% hexafluoropropylene 



1.5 

2.5 
2.0 



35 MgO 

T B : 14.7 MPa {2100 psi) E„ 320% 
Compression set: 3.5% after 22 hours at 150 C. 

Example 20 

Composition: 70/30 copolymer of 
Mooney Viscosity of ^thermoplastic ^ Table U. 6 nuj^m«« gnd ^ 

triphenyl phosphonium chlonde. plus 67% of a W*™J ° rof60 % vinylidene fluoride and 40% 
5a hexafluoropropylene, 1.25 50% Bispheno A » * « ^HSKIw milled into the vinylidene fluoride 
hexafluoropropylene. 1.0 MgO. The «jrattv« i and ] *?f™™™^lZers ground 6 mm screen size and 

operating at 60 rpm. 

55 c w 7nne2 Zone 3 Zones 4, 5 Die 

aoSre 2S35r 28V290- 285' 280* 

The mixture melted at 295-300'C. The x 1.59 

The product fed to 0.17 kg (6 oz) screw '^on^mdding ^cWne^rest p q ^ 
mm (3" x 5« x V) were mo.ded with , mjj :* ^^SX^IbliWTh 



60 
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Example 21 



Seventy grams of perfluorinated elastomer having the composition 55.9% tetraflu 

55^<£^ SB?? i!d then cooled to 250°C with the mixer used in Example 1 operatmg at 90 rpm. 
Tc 7ms were ! added 2.8 g 2,5.8,15,18,21-hexaoxatricyclot20.4.0,0. 8 ^]hexacosane ; 2.1 g 



CF 3 

K-O-O-O-O-OK 
* ' CF„ 



15 



20 



and 2 8 g, Maglite® D MgO. The temperature was raised to 310°C during 15 minutes mastication after 
addition of MgO. The partly crumbled product was heated at 245°C for 16 hours in an air oven. The dark 
brown color of the product lightened while being heated in the air oven. The product compress »n molded 
at 325°C to give a slab from which samples were die cut The properties were T B :16.55 MPa (2400 psi), 
E B :260%, Shore A hardness: 83. 150°C compression set:45% and melt flow.0.42 g/10 minutes at 365 C 

Example 22 ,„ , „ 

Sixty-three grams of the elastomer of Example 21 containing the following curahyes and filter [all 
reported per hundred parts of elastomer] 4.0 parts 2,5,8,1 5,1 8.21 -hexaoxatricycloBOAO-O^'lhexacosane, 



25 



CF 3 



4.0 parts lead oxide, and 10.0 parts SAF carbon black, were added to 27 g Teflon* 100 fluorinated ethytene 
propylene copolymer in the mixer used in Example 1 at SOOT and mixed at 90 rpm for 1 5 minute^m* 
slowly crumbled as curing continued. The black product was heat treated in an a,r oyen at 245 C for 16 
35 fSZ ft compression molded easily at 325'C to form a slab which had the flowing P~pert.es: 
T B :16.55 MPa (2400 psi), E B :200%, Shore A hardness 87. 150°C compression set:24%, Melt flow.0.42 gl 
10 min. at 365°C. 

Example 23 

40 Sixty-six parts by weight of Aflas 150P uncured fluoroelastomer derived from 41 mole percent 
propylene and 59 mole percent tetrafluoroethylene having an inherent viscosity of 1 asmeasu re p d . f ;°"\ a 
0aZ% solution in tetrahydrof uran at 30'C. 34 parts by weight of Kynar® 460 polyvinyl, de ine fluoride resm 
having a melt flow of 3.4 g/10 mins measured at 265°C, and 13 parts by weight o f MT Black carbon black 
Charged to a Brabender Plastograph and masticated at 1 90°C unti a uniform blend was obtained. Two 

45 and three tenths parts by weight of sodium stearate. 5.7 parts by weight 1,3 5-tnally 1-1,3 S-trmzme-^Ae- 
(1H3H 5H)-trione, and 2 8 parts by weight m- and p-aa'-bis(t-butylperoxy) d.isopropyl benzene (40% 
active tegredient on inert clay) were added to the mixture and mastication continued at 190T for 5 minutes 
A sheet was compression molded at 200°C which sheet had the following properties : Compression^ set22 
hours/12rc = 60; T B = 1000 psi (6.9 MPa), E B = 45%, Perm, set = 4, Shore A Hardness = 86. The 

so corresponding rubber and caroon black blend masticated at 190°C, but not cured, had the following 
P^ertSSmpression Set 22 hrs/12rC = 100. T B = 550 psi (3.8 MPa). E B = 140%. Perm, set = 25. Shore 
A hardness = 84. 

Example 24 . 
Sixty-six parts by weight of the uncured elastomer used in Example 23 and 34 parts ; by 'weight of a 
55 crystaSe Autoplastic having the composition 77.6% tetrafluoroethylene .19% ethylene , 3.4/o 
n^rfiNomhutvl ethvlene and 13 parts by weight MT Black carbon black were charged to a Brabender 
KfjMM a t 280-C until a uniform blend was obtained Two and three tenths parts 
sodium stearate. 4.0 parts, 2,5-dimethy|.3,5-di-tert-butyl peroxyhexane (45% active ingredient on sohd 
support and A 5 pa rts by weight m-phenylene-bis-maleimide were added to this mixture and masticat,on 
so 3nnPd at 280'C for 5 minutes. The product was postcured for 1 hour at 180°C in an air oven and an 
Stena. houfat 200^ A sheet was compression molded at 290'C which had ft. following^ properties: 
ComprSion Set 22 hours/150°C = 95; s/s, RT, 107min. M 10 o 670; T B 680 psi (471 ^ E 160-^emi 
' (TshnrB A hardness 78. The corresponding rubber and carbon black blend masticated at 280 C, but 
?h^£E£^« Compression set 22 h^ = 1M; ^^cmAnln-OOP/him.) 
es Ml00 = 380; T B = 170 psi (1.2 MPa); E B = 520%; Perm. Set. 180; Shore A hardness = 78. 
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Claims 



consisting of a ipelw-ocessable "W"^*J2 an amorphous crosslioked ivulcarazed) 

the cTa£ consisting of foil, "^ d "^?r^r^3tt^n elastomer is selected 

blen^m^^ . — - » 

percent by weight fluorine and an uncured *™^ u ™%^^ 
,5 percent by weight fluorine, (b) crossl.nk.ng theuncunrf f '"^^S^^emperatL that is above the 
agents or free radical sources while continuing i to crosslinking. 

crosslinking step. r *riirals are Generated during the crossiinking step. 

,9,r t ^TcoZ'p^mor, of Claim 7 in which the cy«.llin. thermoplastic fluorocarbon ™.ln is a tetrafluore- 
ethylene/ethylene/perfiuorobutyl ethylene. 

Patentanspruche 

1. Zweiphasige Zusammensetzung mit -n^j^ljj^ ^ZlX&X^ 
wobei die kontinuierliche Phase aus °«nem s(*mel^e^ 

Fluorkohlenstoffharz mit einem M.n.mum von ^ Q %^^^ b ^ m°\Zm von 58 Gew.-% Fluor 
ausmacht. n ac krictaiiine thermoDlastische Fluorkohtenstoffharz 

M »S^«=£^2Z - K,asse 

ausgewahlt ist. amorohe, vernetzte Fluorkohlenstoff elastomer aus 

mit einem Minimum von 38 Gew.-% Fluor und ernes '^^^^SXmim durch EinfOhren eines 
Minimum von 58 Gew.-% Fluor, (b) Vemetten des ""^^ und Aufrechterhalten einer 

°n n9 Ve h S^ 4, worin der Schmelzmischung zu Beginn des Vernetzungsschritts ein 

Che ":trfahren e nach 9 aSJSm. worin die freien Radikaie wahrend des Vernetzungsschritts generiert 

^^Zusammensetzung nach Anspruch 1,worin das F.uorelastomer Vinyiidenfluorid/Hexafiuorpropylen/ 

^SSSnSSzung nach Anspruch 7. worin das krista.line, thermop.astische Ruorkoh.enstoffharz 
ein TetrafluorethylenVEthylen/Perfluorbutylethylen ist 

55 Revendications 

, U „ e „mpos ri ,™ 

a elastomere fluora reficuie Ivulcan Isel a monaha " '"TS^S, % ^position a deux phases, 
iadite phase disperse conaltuant W I et « I pour , Drta. pot* da la £™ ^i^u. 

rffirr%«rJ^r^ thermoses Xiamen, hoorees ou 
« ^Trx-mpSo^de la revendication 2. dans laquelle I'elastomere fluorocaroone rifeuM amorphe as. 
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choisi dans la classe formee par les elastomeres fluores totalement fluores ou partiellement fluores. 

4 Un procldTpour la preparation de la composition a deux phases de la revend.cat.on 1 qu. cons.ste 
(a) a melange?! I'etat fondu une resine fluorocarbone thermoplastique crista l.nefaconnable a I etatfondu 
Sn^ant 2n m nlmum de 38 pour cent un poids de fluor, et un elastomere fluore amorphe non dure. 
s Sntenan un Smum de 58 pour cent en poids de fluor, (b) a reticular I'elastomere fluore non dure, en 
mtroduisant un ou plusieurs agents durcisseurs ou des sources de rad.caux l.bres, tout en contmuant a 
meTanger! « & maintenir une temperature qui est superieure au point de fusion cr.stall.ne de la resine 
fluorocarbonee et suffisamment elevee pour provoquer une reticulation. m x, annp 
5. Le precede de la revendication 4, dans laquel un agent durcsseur ch.m.que est ajoute au melange 
m fondu au debut de I'etape de reticulation. , , IAt , na Aa 

6 Le procede de la revendication 4. dans laquel les radicaux libres sont engendres pendant I etape de 

r6ti °7 imposition de la revendication 1 , dans laquelle I'elastomere fluore est un fluorure de vinylidene/ 

* ^'TcTm^ 7. dans laquelle .a resine fluorocarbonee thermop.astique 

cristailine est un t6trafluorethylene/6thylene/perfluorobuty!6thylene. 
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